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MEMORANDUM DEPARTMENT OFHEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 

FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE: August 1, 1997 

FROM: James Ramsey, Ph. D. 
Microbiology Team Leader 
Division of Antiviral Drug Products 

THROUGH: WaJIa Dempsey, Ph. D. 
Acting Deputy Division Director 
Division of Antiviral Drug Products 

THROUGH: Donna Freeman, M. D. 
Acting Division Director 
Division of Antiviral Drug Products 

TO: Murray Lumpkin, M. D. 
Deputy Center Director for Review Management 
Center for Drug Evaluation and Research 

SUB.JEc-rc Antimicrobial Activity of Lovastatin and Related Drugs 

This report is in response to your request, made during the lovastatin meeting held on June 9, 1997, for an evaluation of 
the published literature relevant to possible antimicrobial activity of lovastatin and related drugs I have reviewed the 
literature relevant to the possible antimicrobial activity associated with the anti-hypercholesterokmia drug, lovastatin In 
addition, I have reviewed and included literature reports on antimicrobial activity ofreiatecl members in the “statin” class 
ofdrug products. The database searched for these literature reports was Medline for the years 1962 through Juue 12, 
1997. Other databases have not been searched for information. 

BACKGROUND: 

In the preparation of this report, I have focused on the legal basis for the classification of a drug as an antibiotic drug as 
ti&tc; itl .ktion 507 (8) of the Fedemi Food Drug, and Cosmetic 4ct. ‘Inis legal description defines an antibiotic 
drug as I... any drug intended for use by man containing any quantity of any chemical substance which is produced by a 
microox ganism and has the capacity to inhibit or destroy microorg&isms in dih.rte solution (including the chemically 
synthesized equivalent of any such substance).” Therefore, to be determined an antibiotic drug, a human drug must 
p0sSeSs the following properties: 

I) It must be a drug intended for use by man which is produced by a microorganism or it may be any 
cftemically synthesized equivalent of any such substance. 

2) It must have the capacity IO inhibit or destroy microorganisms. 
3) It must demonstrate the capacity to inhihrt or destroy microorganisms in dilute solution. 

These characteristics of antsbiotic drugs have been carefully considered for tie purpose of determining if the reported 
antimicrobiaf achvity of lovastatin and related drug products is sufficient to warrant their reclassification as antibiotic 
drug products 
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There are many analogues of “statin drugs and relaled chemical substances that exhibit anti-cholesterolemia activity 
reported in the literature. However. this review will only address antimicrobial activity relevant to Statin’ class drug 
products indiwted for anti-hypercholesteremia activity submitted to FDA for marketing approval determinatiofis. 
Currently, there are six drug producls of the ‘statin’ class, indicated for the treatment of hypercholesterolemi~ under- 
review or previously approved for marketing by the Center for Drug Evaluation and Research (CDER). Of the six, five. 
including Mevacor (lovastatin, MK-803, mevinolin, monacolin K). Zocor (MK-733. simvastatin, synvinolin), Pravachol 
((X-5 14, SQ 3100, pravastatin, eplastatin), Lescol (fluvastatin sodium), and Liptor (atorvastatin calcium), have been 
approved for marketing (Package Inserts Merck, August 3 I, 1987; Merck, December 23. 199 1; Bristol Myers Squibb, 
October 3 I, 199 I ; Sandoz, Decemba 3 I, 1993; Park Davis. December 17,1996, respectively). Baycol (cerivastatin 
sodium tablets) is currently under review (Bayer, NDA 20-740). 

Fluvastatin, atorvastatin and cerivastatin are al1 manufactured by synthetic processes (Package Inserts and NDA 20-740) 
and as such do not fit the definition component requiring antibiotic drugs 10 be produced by microorganisms. The&ore, 
these drug products cannot be classified as antibiotic drugs and, consequently, will not be evaluated for antimicrobial 
activity in this review. LovastaCin, simvastatin and pravastatin are all drug substances which are either produced by 
microorganisms or are chemically synthesized equivalents of such substances (Germershaven, et al., 1989; Tobert, 
1987; Tsujita, et al, 1986; Sitori, 1990; Alberts, 1988; Alberts. et al.. 1980; Alberts, 1990). In addition, all have the 
capacity to inhibit or destroy microorganisms (vi& infiu). Therefore, all three of these drugs fit the first two defmitio~ 
required for cIassification as antibiotic drugs. However, the third requirement for antibiotic classification requires that 
these drugs must demonstrate the capacity to inhibit or destroy microorganisms in dilute solution. Interpretation ofthis 
requirement is somewhat problematic in that the term dilute solution and the kinds of microorganisms to be inhibited 
have not been defined However, there appears to be a consensus within the agency and by some of the regulated drug 
industry that the microorganisms inhibited should be organisms that are causative agents of human clinical infections. IJI 
addition, the term dilute solution has been generally accepted as the drug concentration in preclinical studies that elicits 
inhibitory activity against microorganisms that correlates with clinicaily relevant human tissue drug concentrations. 
Human tissue drug concentrations considered relevant are those that are achieved from doses administered to the human 
target populations for the indicated use of the drug The data from published literature relevant IO interpretation ofdrug 
concentrations that “.__ inhibits in dilute solution .__” are summarized and evaluated in this report 

Data on “statin” antimicrobial activity from human studies have not been reported in the literature. Therefore, for this 
reason, this review contains only antimicrobial activity data generated from in v&-o cell culture and in viuo animal model 
studies. During the revimv of these literature reports, it became clear that the preclinical antimicrobial activity data 
alone were kuufficient to permit a rational interpretation of possible antibiotic activity associated with lovastatin and 
related drug products. For exampIe, information on the experimental design of the studies, assays used for 
determination of activity, and studies on the mechanism of drug action were found to be important parameters when 
attempting to extrapolale in vim activity results to expected clinical circumstances. In addition, species variability with 
respocttodrug.pharmacokinctics~pharmacodynam~cs. metabolism, elimmstion;bioavailability, tissue distribut’i&$‘and~ -1.. - . 
drug interaction potential were found to he relevant to the interpretations of antIbiotic activity potential with respect to 
the deftition “... inhibits in dilute solution .__“_ Therefore, to the extent possible and \vithin the time-frame available, an 
effort has been made to provide this information in instances where it was deemed to be of value for the interpretation of 
parameters relevant to ‘statin” class drug products’potential antimicrobial activity expression. 

HISTORY: 

In 197 I, the Japanese researchers, Akira Endo and Masao Kuroda, began a search for inhibitors of microbial origin that 
would inlubit the rate limiting enzyme, 3-hydrohy-3-methylglutaryl-Cc-enzyme A reductase (HMG-CoA reductase), in 
the biosynthetic pathway for cholesterol (Endo, et al., 1976a; Endo, 1985a; Endo, et al , 198Sb; Endo, 1992). They 
anticipated that certain microorganisms would produce inhibitory products that would interiere with syntheds of 
required sterols or od:cr isoprenoids required for growrh of other micrcorgonisms. They hoped that these products 
would be cgective in inhabiting de nova cholesterol biosynthesis and have tile potential for reducing plasma cholesterol 
levels in 
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hypcrcholesterolemic humans. By 1973, several compounds that were effcctix in inhibiting HMG-COA reductase, 
including ML-236A. ML-23GB (compactin, mevastatin), and ML-236C, had been isolated from cuhre~ of Penicilliunr 
cilrinrrnr. In 1976, aflcr documentation that these inhrbitors reduced cholesterol iri vir/-o (Endo, et al., 1976a; Kancko, 
et al., 1978; Albe&. 1988) and in vtio in animal models (Endo, et al.. 1976a; Endo, et aL. 1992) the fit human 
subjects were treated (reviewed by Endo, 1992, Endo, et al.. l976b; Endo, et al., 1988; Tsujita, et al., 1986). Promising 
results in lowering plasma cholesterol in these early human studies led to human clinical trials ultimately resulting in the 
March, 1987, U.S. Food and Drug Administration approval of Mcvacor (Iovastatin) for the treatment of 
hypexcholcstcrolesnia (Approved Drug Products with Therapeutic Equivalence Evaluations. 14& Ed. 1994. US 
Department of Health and Human Services. Public Health Service, Food and Drug Administration, Center for Drug 
Evaluation and Research). 

The first publication suggesting that antimicrobial activity was associated with inhibitors of HMG-CoA reductasc 
isolated from fungi appeared in 1976 (Brown, et al., 1976). The authors, citing a refercncc that was “in preparation”, 
reported that compactin (mcvastatin), a potent HMG-CoA mductasc inhibitor, was isolated finm a culture bclicvcd to bc 
Penicilhnz breviconrpacrmn and was detected by its antifungal activity. However, antimicrobial data for the chug 
(compactin), utilized for the investigations conducted by Brown et al., were not presented in that publication An 
intensive computer search of the Medline database for the pubIication cited “in preparation” was unsuccessfui. 
Evidently, it was never published; thus, a determination regarding the authenticity of the report cited by Brown cannot be 
made. 

The first report of antimicrobial activity attnibutablc to Jovastatin was published in August, 1988 (Ikenra, et al., 1988). 
Thus, although the rationale for the search for these compounds was based upon an antibiotic principle (substance 
produced by a microorganism that inhibits other microorganisms), at the time of lovastatin’s approval by FDA in March, 
1987, reports including data on antimicrobial activity of ‘statin” drugs were not available in the published literature. 
Consequently, lovastatin was approved as a non-antibiotic drug under Section 505 of the Fed& Food, Drug, and 
Cosmetic Act for its anti-hypemholcsterolemia activity. Simvastatin was subsequently approved for its anti- 
hypcrcholcsterolemia activity in December, 199 I _ Only three publication were found in the 1itcratut-c on simvastatin 
antimicrobial activity (Grellier, et al., 1994; Coppens et al., 1995a; Coppcns et al.. l995b) Pravastatin was approved 
for its anti-hyperchoJesteroIemia activity in October, 199 J _ Antimicrobial activity associated with pravastatin was not 
found in the literature searches conducted. However, because of structural and mechanism of action similarities to 
lovastatin and simvastadn, it is predictable that similar levels of antimicrobial activity, as has been reported for the other 
“slatins”, may cxisl for pravaslalin. 

The question under consideration in this report is the foIlowing: now that antimicrobial activity for lovastatin and 
simvastatin has been reported in the literature, are the published data sulJicien1 to meet the antibiotic drug definition of 
“-.. inhibits in dilute solution . ..* and, if so, should lovasfatin and related drugs be considered for reclassification as 

-.. . . , .a 2,. ; .antibiotic drug products under Section 507 of the.Federa] Food, Crug:#and Cosmetic Act? The following data cva:wtion 
is intended IO provide a reference framework for making that determination. 

CHEMISTRY 

Lovastatin and simvastatin arc inactive lactone prodrugs, which aficr oral ingestion, arc hydrolyzed to their 
corresponding, biologically active, beta-hydroxy acid forms. Pravastatin is marketed as the active beta-hydroxy acid 
form. Biotransformation of these drug products to several active and inactive metabolites has been reported (Vyas, et 
al., 1990a; Vyas. et al., J 990b; Helpin, et al.. 1993) (Fig 1). The 6a’-hydroxy-epi-Jovastatin, an in viva metabolrte 
found in human and dog plasma; was not detected as a metabolite of rat or mouse liver microsomes. The inactive 
pentanoic acid derivative, a major metabolite resulting from beta-oxidation of the hydroxy acid form of lovastatin, has 
been detected in mice and rats; however, it has not been identified as a metabolite in humans. 

Lovastatin, simvastatin and pravastatin ore competitive inhibitors of HMG-COA rcductase. This enzyme cataiyzcs the 
conversion of HMG-CoA to mcvalonatc. which is an early and rate-limiting step in the biosynthesis of isoprcnoid 
compounds that are intermediates in multiple biosynthetic pathways for biological molecules. includmg cholcslerol. 
associated with numerous crilical organism functions (Brown, el al., 1980) (Fig. 2) 
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Figure I. 

Biotransformation pathway of lovcwtatin 
Wyas et al. .I9901 

. ,Enrjme-inhrbi(orya~ivi(yor/lovasfarin a~'d.irzptll~boli(er--..~.. . .._ . . . - ,+y-. . . ,, -. ..<. , I..,._ . . . . . . . . c.r;i. , . . . . '. . . 
Rcidvc naivicy- 

Compound &rorc AI-ICI- 
hydcolyk hyddysk 

LoMnarin 0 ICI0 
Hydroxy acid form loo loo 
6’+Hydroxy 0 60 
3”~Hydroxy 0 15 
6’Xxomcthyicnc 0 SO 
3’-Hydroxy 0 0 
Taurinc conjugate 0 0 
Pcmnoic acid dcri~livc 0 -0 

- Inhibh~ zwz&ity & mc~abol&~~ is crpnvcd rcktrivc to the hydroxy 
x-d roml or Iovasral;“. 
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Figure2 

Branched Pathway-of Mevalonate Metabolism 
Modification of Brown et al.. 1980 
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PHARMACOLOGY 

Human phannacokinetics of HMG-CoA reductase inhibitors in plasma have been revielved by Desager, et al., 1996. 
Tables I and II from their publication, showing data from multiple published studies, are reproduced below. These data 
are relevant in that they provide some insight into the drug concentrations to be considered when determining ifthe 
definition of “__ inhabits in dilute solution .__- has been met. For lovnslatin. the recommended dosing range for the 
treatment of hypercholesteremia is IO-80 mg/day in singfc or two divided doses; the maximum recommended dose is 80 
mg/day. For simvastatin, the recommended dosing range is S-40 mglday as a single dose in the evening; the maximum 
recommended dose is 40 mg/day. 

Table L Main pharmacokinctic paramckrs of’lovsko (- + siandard deviation) 

Thuapalic &lily L @&m T, W-1 AUC (ugEq& h)[O-24111 -WV 
dac (me) 

Al n Al n AI n AI n 
80 (17 kl 40.7: S9 49.6+ 83 20 50.9 3.1 * 2.9 30S.2 + 1 IS.7 3853 t 107.3 2621 2076 

80 (single dac- 70.7 2612 lSO.6+ 106.9 23 213 192 1.2 282.4 -+ 138.3 S-IO.2 + 275.4 2833 1403 
‘0 

4fJ (5 h9 45.5 +31-s 05.1 + 58.2 2.41 + I 1.8% 1.4 236.0 + 132.3’ 359.1 + 205.1 169.5 111.4 

4QVdV3 33.0+ 9.8 65.7 + 30.0 2.6 +I3 2.3+13 176.9 + 77-4 284 6 + I105 226.1 1405 

40 (Gnglc dose) 9.5 + 52 19.9% 8.0 2.9 + 1.7 2.62 1.7 61.1 + 72.0 114.1 5 8l 654.7 3S0.6 

20 (single dose) 1455 8.8 27.1 + 15.6 2.4 +I2 2.1 5 1.2 76.3 + 41.6 114.2% S76 262.1 175.1 

Walla1cd ticm mwn valua 
blO12hourz 
Abbrrviationc: AI * adivc tnhtbilorr; AUC - area under Ctlc plavna conccninliolr-lime curve from ZCTO (0 24 hour, CLIF - apparerd lolaI body 
dcmncc. ugEq - vg quivalmf, Tl = total inhibilorr, T, - time to rcx-b peak conca~ion aflcr drug administration 

Table lL Main phannacckinck paramc~crs of simvasfatin (mean f slandard deviation) 

Thcrapc4c daily 
da (mg) 

AUC (@q&L-h)[O-24h] cm (ml) 

AI n Al n AI TI AI n - 

40 (17days) 4S.8 + 19.5 56.5 k 24.7 1.4 + 1.0 I.42 1.0 130.0 3x0 + 1720 49.0 + 307.7 2325 

*o (single Ifox) 10-3~ 6.9 34.5 + 173 25 + 1.7 2+ ~~1.4 40.8 5263 102s 45.0 +_ 9x0.4 _ 390.2 
. : . . . . . 

20 (single dose) 18.4 + 73 1.7+1.0 61.9~20.6 323.1 

100 (single dose - 125.0 + 80.0 3.0 1020 98.0 
“CT 

20 (single dose) 9.9 + 3.4 

wculoIcd rrom lhe “can valua 
‘Patim! wilb T-lube drainage. 
Ahhcvial;onr; see table I sbovr 

2.1 + 13 39.6 262 + SOS 

Other parameters of interest include protein binding effects, adsorption, total body tissue distribution, excretion, and 
half-life of lovastatin and simvastatin. In plasma. the hydroq acid and lactone forms of lovastatin are 96 and 98.5% 
prolein bound, respectively. For simvastatin, protein binding for these forms is 98 and 94-S%, respectively. Adsorption 
for lovastatin and simvastatin is approximately 3 I % and 60%, respectively. After absorption, these drugs undergo 
extensive Iirst pass extraction by the liver, their primary site of action. The hydroxy acid form is less eficiently extracted 
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by the liver than the lactone. The metabolism of lovastatin and simvastatin by the liver is a permanent dynamic process 
because of the reversibility of the lac!onc lo beta-hydroxy acid reaction. Thus. at any given time, lovastatin will bc 
represented in tissue both as an active hydroxy acid form and as an inactive Iactone form. For this reason, publications 
showing pharmacokinetics data oflen report “statin” drug concentrations measured as ugEquivalents/ml plasma rather 
than as ug/ml. 

Ihe excretion of inn&e metabolites of lovastatin and simvastatin is mainly in feces (64% to 83%) and in urine (10% to 
20%). The plasma (,,a ranges from 3 to 4 hours The pharmacokinetic half-lives are substantially less than the 
pharmacodynamic values, which are around 20 hours. The apparent total body clearance (CUF) is very high due to the 
important first-pass liver extraction effect information concerning drug concentrations in other human tissues is limited 
in the literature and much of our information concerning tissnc concentrations of drug are derived from animal studies. 
Duggan, et al., 1989, have evaluated lovastatin concentrations in numerous tissues of the rat and dog as shown in the 
table below. 

Table 4 from Duggan et al., 1989. 

Tissue dirrnbution &wa~tatin cquh&ntr in rofs and dog3 
All vahtes arc uy! cquivalmtr per p: (ntl) oftissue. for rapt. N =  3: lk does. N =  4. 

Rat 
Tie iv ~O.~IW~R) DO (8 ms/k~l 

Ihr 4hr 24 hr Ihl 4hI 24 hr 
P lZSO~ 0.23 +O.Ol O.U7+‘3.01 0.02 +  0.01 o.zs+ 0.04 027 ) 0.05 0.1 +o.oi 
Hurt 0.2 I +  0.05 0.03 +  0.0 I <o-a2 0.48 0.2 a.2 
Lung 0.23 2 0.04 0.07 +  0202 co.02 co.5 co.2 co.2 
Liva 2.61 0.83 z 0.62 +  0.1 0.15+0.06 5x57+ 1.13 2.83 +  0.9 1.01~0.1s 
Splepl 0.0s 50.02 0.04 k 0.01 -4.02 co. 1 0.18~0.06 co.2 
Adrenal CO.28 co.19 NS co.4 0.60 0.56 0.05 +  
Kidney a.39 +  0.07 0.13 +  0.02 0.04 +  0.02 038 +0.‘34 0.47 5 0.09 0.2 t 0.03 
slcmach 0.12+0.02 0.0s~0.01 0.02 +  0.0 1 7.59 +  5.02 12.162 4.42 03 LO.08 
SInal Inkslinc 232 0.19 5 0.54 +  O-08 0.07 0.02 f 17.25 +  5.5 1 I 1.26 +  5.42 0.49 +  0.13 
Lqc Intestine 0.14+a.O1 0.84+0.23 0.05 +0.01 0.02 5 0.07 s.2 +  1.07 0.6s +  0.48 
Teda 0.16+0.01 0.03+0.01 co.02 10.1 0.09 +  0.01 0.04 *  0.01 
Mude 0.09 0.03 + a.02 co.02 -aI 0.12 co. 1 
Fd 0.11~0.02 o.oz+o 0.02 co. I 0.12 029 
p&n 0.06 +  0 0.02 +  0 a.03 0.1 0.08 +  0 02 0.05 +  0.01 
NS. 8x31 sigdicanL 

Dogpo 
(60 wk) 

4l-K 
0.27 +  0.1 
0.27 f a.1 
o-41+02 
4.36 20 +  

NS 
022~0.12 
0.7l+o26 

NS 
13.62+9X 

NS 
021 + o-02 
0.35 0.1s 2 

NS 
0.17+<0.1 

The data from the above tables (Tables I and 2) would suggest that a maximum approved human dose of either 
lovastatin or simvastatin, administered chronically on a daily basis, would be expected IO result in a C, plasma drug 
concentmtion of approximately 40-60 @q/L (-0.1 uM) at steady state conditions. With a b, occurring at 2-3 h and a 

, tipG,of 3 to 4 h, the trough plasma drug concentrations evident within 8 to 1 I h would bc expected to be5 10-35 t@$jL 
(GJ.325 uii following once daily oral dosing. Plasma drug concentrations foilo\ving a single ad~iniskred’dose were 
slightly higher, but a single dose of drug would not be acpected to provide activity of sufficient duration to treat an 
infectious disease. Interprdation of the data provided for tissue concentrations in rats and dogs treated with lovastatin 
suggests that with the exception of tbe liver, stomach, and inks&es other body tissues exhibit lovastatin concentrations 
similar to or less than (hat observed in plasma. Although the human equivaknt dose is different from that administered 
IO these animals, Jovastntin in humans is expected to exhibit a similar tissue distribution profile. relative to plasma 
concentrations, as that shown above for the rat and dog. Therefore, with respect to human clinical use of lovastatin and 
simvastatin, the target definition for l ._. inhibits in dilute solution ___” relevant to preclinical studies of antimicrobial 
activity drug concentrations should lie somewhere between 10 and 60 ugEq/L (-0.025 to 0. I uM). 7ke lovastatin 
concentration of IO ugEqL would represent that expected during the trough concentration phase while the 60 ugEq& 
concentration would represent the upper range of C, reported. However, because the pharmacokinetic half-lives are 
substantially less than the pharmacodynamic values of approximately 20 h, the trough concentrations may not be 
rckvant to antimicrobial activity evaluation. Consequently, the C, concentration of -0. I uM may represent a better 
choice for relevant comparisons to be made. 
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MICROBIOLOGY 

Publications containing data relevant to possible antimicrobial activity of lovastntin and related “statin” drugs arc 
presented below. The publications were evaluated and summarized independently IO ensure that potenfially critical 
parameters pertaining to each study were not co-mingled. A complete citation for each reference summarized is 
provided in bold type. Activity data are grouped by microorganism classification for cast of reference. A general 
summary of the data is provided in Tables I-4 in the discussion section at the end of this report. 

Lovastatin Antimicrobial Activily Against Bacteria: 

Uou, D., et al. Early steps of isoprcnoid biosynthesis in Eschcrichia m. Biochcm J. 1991 Fcb 1; 273(F’f 3): 
627-31. 

In this paper the authors reported the Iack of involvement of mevalonic acid in the early steps of isoprcnoid biosynthesis 
in E. coii. Mevinolin (lovastatin) at concentrations as high as 68.3 t&4 did not affect growth of E. coli. lntapretation of 
data presented in this paper (while not ruling out involvement of non-membrane bound mewdonate) would suggest that 
eubacteria, such as E. cofi, do not utilize acetyl-CoA and mevalonic acid in the biosynthesis of isoprenoids as has been 
reported for archaebacleria and eukaryotes (vi& irrfiu) The authors suggested that ifthe alternative pathway for 
biosynthesis of isoprenoids in E coli is a general characteristic of all eubacteria, then it may represent a clear 
biochemical marker that separates eubacteria from archacbacteria and eukaryotes. If true, inhibitors of HMG-CoA 
reductase, such as lovastatin, would not bc expected to inhibit growth of species of true bacteria. Data showing 
lovastatin growth inhibition of any bacteria other than those classified as archaebacteria were not found in the published 
lilerature. 

Cabrcra,JA., et al. Isoprenoid s)-nthcsis in Halobacterium holabium. Modulation of 3-hydroxy-3- 
mcthylglutary1 coenzymcA concentration fn response to mcvalonate availability. J Biol Chem. 1986 Mar 15; 
261(8)r 3578-83. 

In this paper, the authors utilized H. Imlobiunr, a genus of organism representative of those archaebacteria which require 
>IS% NaCI for growth pundas, J.E.D. (1977) Adv. Microb. Physiol. 15.85-120; cited in Cabrera, et al., 19861, as a 
unique biological model to study the regulation of mevalonate synthesis. They reported data which supports the 
conclusion that H. holobir~nr’s HMG-COA concentration, and not HMG-CoA reductase activity, was reversibly 
modufated in response to mevalonatc availability, in contrast that reported for eukaryotic cells. As part of their 
experimental design, they evaluated mevinolin (lovastatin) induced effects on mevalonate content ofH. holobiunr. They 
demonstrated that growth of H. holobi~nz was completely inhibited by mevinolin (lovastatin) at concentrations of 1-2 
IBM (-0.4 CO 0.8 u&d). This inhibition bv lovastatin was reversed by the addition of4 mM mevelonate to the culture 
.XCdiUm .’ . . . 

Lam, WI+, et aL Shuttle vectors for the archacbactcrium Halohactcrium volcanii. Proc Nat1 Acad Sci USA. 
1989 Jul; 86(14): 5478-82. 

In this publication, the authors reported thaw Iovastatin completely inhibited jrr virrn growth of the Archo&xreriunr. H. 
vo/currii strain WFD I I, at I-2 t&l (-0.4 to 0.8 u&I) and at 20-40 uM (-8 to 16 ug/rnl) when cells were grown on agar 
prepared with minimal or enriched medium, respectively. The differential sensitivity of microorganisms lo lovastalin 
inhibition when grown on medium with and without lipids is a commonly reported observation in the published 
literalure. 



Lovastatin Antimicrobial Activiw Against Viruses: 

Ovcrmcycr,JH. lsoprcnoid requirement for intracellular transport and processing of murinc Icuhcmia +ua 
envelope protcln J Biol Chcm. 1992 Nov 5; 267(3 I): X2686-Yt 

In this publication, the authors examined the potential relationship between isoprenoid biosynthesis and the processing 
of mutine leukemia virus (h4uL.V) envelope glyeoprotein in murine erythrolcukemia (MEL) cells cultured in Dulbec&s 
Minimum Essential Medium (MEM) with 10% fetal bovine serum. They reported that lovastatin, at concentrations as 
low as 1 u&/ml (-2.5 uM), was not cytostatic for MEL ceils in culture, but prevented the cells’ ability to convert lvjt&.V 
envelope glycoprolein precursor, gF%90-, to the mature envelope glycoprotein, gp70-” _ This conversion normally 
occurs within the Golgi apparatus. It was suggested that lovastatin may prevent viral envelope precursors from reac&g 
the Golgi compartment by blocking the geranylgeranyi isoprenylation of the GTP-binding rub proteins required for the 
transport of precursor viral glycoprotcin from the cndoplasmic reticulum (ER) to the Golgi apparatus. In cells infected 
with retroviruses, the envelope gIycoproteins encoded by the viral cnv genes normally undergo proteolytic processing 
and oligosaccharide maturation upon h-an&cation Tom the JZR to the cO!gi apparatus. Inhibition of proteolytic 
&wage of viral envelope proteins is known to reduce iniectious virus titers. The authors reported that the Iovastatin 
inhibitory effect on envelope maturation was drug dose dependent and was completely reversed by the addition of 200 
t&I mevalonatc to the culture medium. However, the authors did not report the effect, if any, of lovastatin on MuLV 
iI3faivily. 

Maziere, JC, et aL Lovastatin inhibits HIV-I cspression in H9 human T lymphocytes cultured in cholesterol- 
poor medium. Biomcd Pharmacother. 1994; 48(2): 63-7. 

In this publication, the authors investigated the irr v&o effect of lovastatin on HIV production in H9 T lymphocytes 
adapted to grow in RPMI 1640 medium supplemented with only I %  human serum to limit exogenous cholesterol 
supply. Lovastatin (0.3 uM final concentration) (-0.12 ug/ml) was added to the culture medium 1 day post-infection 
The medium was replaced each day by new medium containing the same concentration of lovastatin Reverse 
transcriptase activity was reduced approximately IO-fold after 9 days of lovastatin treatment compared to untreated, 
infected controls. The authors concluded from these data that clinical intervention that would lower cholesterol 
availability for HIV viral membrane synthesis may have some benefit in treatment of viral replication in human AIDS 
patients. The effects of adding additional exogenous cholesterol or serum on the observed antiviral activity was not 
investigated 

Malvoisin, E, et al. Effect of drugs which inhibit cholcsteroi synthesis on syncytia formalion in vero cclIs 
infected with measles virus. Biochlm Biophys Acta. 1930 Fcb 23; 1042(3): 353-64. 

For these studies, Vcm cells were infected with measles virus (HalIt strain) and incubated u-r Eagle’s mininum~esscntial 
medium containing 2% fetal calf serum and antibiotics (IOU units/ml penicillin and 100 ug/mi streptomycin). Inhtbitors 
of cholesterol biosynthesis @rcluding mevinolin at 6 q/ml (-I 5 uM)] inhibited measles virus induced syncytia in Vero 
cells, but this effect was not neuxsari ly related to an inhibition of virus infectivity. Inhibition of virus infection occurred 
with some non-statin cholesterol synthesis inhibitors, but appeared to be due to the inhibitor’s effects on parameters 
other than cholesteroi synthesis. Inhibition of virus infection by mevinolin was not reported. Furthermore, cell 
cytotoxicity related to mevinolin was not reported. Thus, although mevinolin significantly reduced syncytia formation in 
measles virus intected Vao cells, antiviral activity was not reported to be associated with 111is effect 

*- 

Lovaslatin Antimicrobial Activitv Against Yeast and Fungi. 

Ilteura, R, et al. Growth inhibition of yeast by compactin (ML23GB) analogucs. J Antibiot Tokyo. 1988 Aug; 
4 I(8): 1148-50. 

ln this publication, a variety of HMG-CoA reductase inhibitors, including lovastatin (monncolin K). were evaluated for 
antimicrobial activity against 303 strains ofyeast representing 4 I genera and 165 spccics. All of the HMG-CoA 
reductase inhibitors were converted to their respective active hydroly acid form by hydrolysis prior IO use. 
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Yeast strains were inoculaled onto 0.67% yeast nitrogen base medium con~aining 0.5% glucose and 1.5% agar @H 5.3). 
and grown at 30 C. Where indicated, compactin (lovastatin is an analogue of compactin) was supplemenred to (hc 
medium at a concemraation of O-20 ug/ml (-O-50 IN). Growth was inspeclcd aAa 4 days of cultivation. The authors 
stated that of 303 slrains lested, 43 strains (18 genera, 35 species). 2 1 strains (13 genera. 19 species) and 4 strains gave 
no detecfable growth on lhe agar medium containing 20. 10 and 4 us/ml ofccmpacIin, respectively (50, 16, and 10 UM, 
rcspecdvety). The remaining 260 strains (34 genera, 13 5 species) were resistant to compaclin at 20 @ml (-SO UM), 
data not shown. The most sensitive 4 strains wcrc Rhodotorulu ghrinis H3-9-1, Sporobolotnyces saimonicolor VJF 
188, Acssosporon solmonicolor IF0 1845 and Cilerolnyces nrofrifensic IF0 0954 with MIC values of 0. I, 1.0.20 and 
2.0 ug/ml. respectively (range -0.25 to 5 uM). The idendty of the remaining 299 skains was not reported. 

Growth inhibition was subsequently determined for R. ghrfininis ti3-9- I and S. solrno~~icolor WF 188 in liquid medium 
cxmsisting of 0.67% yeti nitrogen base and 0.5% glucose. Inhlhitors were added at concentrations of O-l 00 ug7mI (-0 
to 250 I&) and cells were cultured with shaking at 30 C for 4 days. Growth was monitored by measuring OD at 550 
run. Monacolin K (lovastatin) and compactin were the most potent inhibitors having MIC vaIues of 0.1 and 1 .O ug/ml 
(-0.23 and -2.5 uM) for R glutinis H3-9- I and S solmonicolor WF 188, respdivcly. Inhibitory activity of the other 
HMG-CoA reductase inhibitors (ML-236A, monaeolin L, and monacohn X) were l/25 - I/SO of the above values. 

in a separate experiment, the ability of mevalonate to reverse the inhIbition ofcompactin against LIE 4 most sensitive 
strains mentioned above was evaluated in a dose dependent study. At 10 mM, mevalonate completely reversed the 
compactin inhtbition for all strains except for Cireromyces morri~ensis IF0 0954. However, the growth curve for C. 
motrittwsis IF0 09.54 in the absence of compactin was substantially reduced when compared to the grotih curves of the 
other strains grown under the same conditions. This observation suggests that under normal culture conditions, growth 
ofC- molricensis IF0 0954 was aberrant and compactin inhibition was substantially more detrimental under these 
eiroumstanees. Thus, the relevance of the inhrbition pattern for C. nrofri~exis is dificult to interpret. 

Larenz, RT., et al. Effccis of Iovastatin (mcvinolin) on steroi lcvcls and on activity of azolcs in Saccharomvees 
cerevisiae Antimicrob Agents Chcmother. 1390 Scp; 34(9): 1660-5. 

In tis publication, the authors reported the quantitative effects of lovastatin on the free sterol and steryl ester fraaions of 
wild type sOcchoromyc~s cereuisiue, strain 2 1 SO- 1 A In these studies, the organisms were grown in medium (YPD) 
consisting of 2% glucose, 1% peptone, and 1% yeast exeoct. Minimal inhibitory concentrations (MICs) were 
determined by inoculaling 5 ul of an over-r@@ cuhure into WD medium and incubating at 28” C with constant shaking 
The MKs were recorded as the lowest concenrration of antifungal agenl at which no significant visible growth occurred 
a&r 3 days. Lovastatin laclone prodrug that was used in this study was hydrolyzed IO the active hydroxy acid form prior 
to use. 

’ Lovastatm at 10 ug/rnl (-25 uM) was report&o dramaticalIyWdecrcase the total endogenoustieryl esler fraction in S - ,r...e*a . . .. 
cerevisiae. As the concenuation of Iovasfatin increased progressively above 10 @ml, the free sterol h-a&on decreased 
linearly. Moreover, in addition to severely decreasing the accumulation of endogenous steryl esters , lovaslatin 
prevented the ester&cation of sterol taken up horn the medium However, the growth rate and cell yield were not 
significantly affected unlil a lovastatin concenu-ation of 75 @ml (-190 uhf) or greater was present in the medium; at 
concentrations above 1 SO @ml (-380 uhf), the growth rate and cell yield were severely diminished (dala not shown). 

In combination studies, S. cemvisiue was grown with different amourus of lovastatin and ketcconazole. clotrimazole or 
miconazole. Interpretation of the results obtained indicated that there was a synergistic efiecl of lovastalin and different 
azoles in lowering the h4iCs of azole antifungal agents. Lovastalin at 2 @ml (-5 uM)signifmantly decreased the MlCs 
of each azole. In tie presence of lovastatin at 10 @ml (-25 uh4), the MlCs of clotrim.azole, kemconazole, and 
miconazole were decreased 6-, IO-, and 32-fold, respectively. The aulhors hypothesized lhat lhe synergism observed 
between lovastatin and these azoles may be due to increased cell membrane permeability caused by tbc effect of 

lovaslatin on the derol content of Ihe orgnnism. The authors reported that .S. ccrevir;ue cell membrane permeability IO 
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exogenous sterols was increased under conditions where endogenous sterols were decreased (see above). They 
speculated that as membrane permeability was increased for sterols then ir may be increased TOI- ok-r agents, such as 
azoles. as well. However, &a were not provided IO demonstrate Hal inWaceJJuJar concenlralions of azoles occurred 
under rhese conditions. 

Sud, IJ., et aJ. EfTcct of ketoconazole in combination with other inhibitors of stcrol synthesis on fungal growth. 
Antimicrob Agents Chemothcr. 198.5 28: 532-534. 

The authors of this publication evaluated, in vitro, the inhibitory efTects of keloconazole. mevinolin (Jovastatin) and a 
combination of these two drugs against a variety of fungi. The data below are taken from Tables 1 and 2 of their 
publication 

Stem1 synthesis inhibitors 
Concn (ug/mJ) of inhIbitor giving a folnfdd or 

Fungus tcscd MJC (up/ml) of inhibitor preakr decrease in the MKs of ketoconazole 
Keloconazole Mevinolin Mevinolin 

Candida albicans VA 0.045 50 3.12 (4) 
Candida albicans 7.22 3.12 100 25.0 (8) 
Candida tropicalis 0.78 >JOO -b 

Torufopsis glabrafa 0.78 >loO -- 
Aspergillus Jiimigatus I73 3.12 6.25 3.12 (8) 
Aspergillus fumigatus 6.25 6.25 0.78 (4) 
Aspergilh niger 125 12.5 0.78 (4) 

1.56 (8) 
Rhizopus rhizopodi/armis 6.25 SO 12.5 (4) 

25.0 (8) 
‘Numbers in parentheses represent the fold decrease in the MK of keroconazole in the presence of the indicated 
concen!rations of Mevinolin. 

‘No change or less than a fourfold decrease in Ihe MIC of ketoconazolc in the presence of mevinolin. 
‘Where more tian one number is given, the Jower number is the concer&ation of the drug giving a fourfold decrease in 

the MJC of ketoconazole, and the higher number is tie concen&ation showing the maximum cffcct 

These data were generated in in virl-0 studies utilizing completely syn(he[ic media. The species most sensitive lo 
mevinolin (lovastatin) were A-ji imiga/us and A. trigerwith MJCs of 6.25 and 12.5 @ml (-16 uM and -32 UM), 
respectively. These species were aJso the ones showing the most sensitivity to the combination effects (4- to g-fold 
decrease in MJCs ofketoconazole) of ketoconazole and iovastatin The ability of intermediates of the isoprenoid and 

.-• _ (. ,l..C... I’-, . -jtercid pathways, subsequenf.lo mevalonic sl;id synthesis, ICI reuecsz tie inhibitoryeffecrs.of lovastatin obscrved‘in lhis . _ 
study was not evaluated. 

Bejarano, ER, et at Indcpcndcnce of the carotcnc and stcrol pathways of Phrcomvcee FEBS Lctt 1992 hl 
20; 306(2-3): 209-J 2. 

In this publication, the authors evalualed the pathway for tJ~e synthais of carotene and sterols in Pbyconlyces 
blahsleeanus and various mutants wilh altered carotenogenesis The fungus was grown on minimal agar medium at 22’ 
C in the dark Lovastatin and mevalonic acid lactone were hydrolyzed to the hydroxy acid forms prior to addition lo 
growth medium. Plrycon?yces did not grow on medium with 1 uM (-0.4 ug/mi) Jovastatin. This inhibition was reversed 
by the presence of mevalonate in the medium at IO mM, but noi a[ I mM 
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Engstrnm, W., ct aL The effects of tunicamycin, mcvinolin and mcvalonic acid on HhlG-CoA rcductasc activjty 
and nuclear divfslon in tlrc myxomyccte Pbvsarum PolvccPhnlum. J Cctl Sri. 1983 Mar, 92(T’t 3): 3114. 

In this publication, the authors reported that lovastntin a~ concentrations 125 uM (-IO uglml), inhibited protein 
synthesis. DNA synthesis, nuclear division and plasmodia growth, in vifr-o, of f’7iy~orur-n polyceplroluni. These cffccts 
could be partially reversed by the addition of mcvalonatc at concentrations ) 0.4 mM. 

Lovastatin Antimicrobial Activity Against Parasites: 

Andersson, M., et al Lovastatin inhibits interferon-gnmma-induced Trvnrnosoma brucci proliferation: 
evidence for mevalonate pathway involvement J Interferon Cytokinc Rcs. 1396 Jun; 16(6): 435-9. 

In this publication, the authors reported that interferon-gamma. at low concentrations (IO’ U/ml added to lo” parasites), 
had a growth stimulator-y effect on Tryponosoma brucei blucei in vifro and that this proliferative response was blocked 
by low levels of lovastetin (0. I uM) (-.04 ug/ml). However. lovastatin did not inhibit growth at concentrations as high 
as 20 uM (-8 us/ml), the highest concentration tested, when added to nonstimulated cultures of the parasite. 

IVotE In this study, lovastatin concentration was given as uM in the figures, but was given as mM in the figure 
legends and in the text of the paper. Lovastatin is insolubIe in water (Mevacor package insert). Therefore it 
is assumed, but not known with certainty, that the values listed as uM were the correct concentrations to use in 
this report 

FIorin-Christensen, M., ct al. Inhibition of Trvrmnosoma &growth and stcrol biosynthesis by lovastatio. 
Biochem Biophys Rcs Commun, 1990 Fcb 14; 166(3): 1131-5. 

In this publication, the authors report a dose dependent lovastatin inhrbition of the in v&-o growth of Typanosoma 
crnzi epimastigotes at IO and 30 uglml (-25 and -75 uM, respectively). Squalene at 100 uM, but not cholesterol. 
reversed lovastatin’s growh inhibitory effects induced by 10 and 30 @ml suggesting that lovastadn interfered with 
steps leading to squalenc biosynthesis. At SO @ml ( -I 25 uM), fovastatin killed most of the trypanosomes. Squalcne 
was not abIe to reverse the inhibitory effects on epimastigotcs treated with SO @ml of lovastatin. 

Hnughan, PA., et al. Synergism in vitro of lovastatin and miconazolc as anti-lcishmanial agents. Biochcrn 
Pharmacol. 1932 Dee 1; 41(11): 2193-206. 

In this publication, the authors reported on the in v&o combinational use of the antifungal drug, miconazofe, with the 
cholesterol lowering drug, lovastatin, to assess their potency as and-leishmanial agents. Activity was assessed for each 

s.~*sC*. e.r. -L is _ .,*.Wtj~g;.ti~sjpglc agents and.ill.oornhinalion.~gainst Lpishmani?~yroma~~!igol~ arid a.mastiggtp. , ,c~. , 4 r ,*. : ,. ; ., . . ‘. . . 

Lovastatin. as a single drug, had IC,, values of 82 ug7ml(-200 uM) and 20 u&nl (-SO uM) against f- donovani and L 
anruzonerrri~ promastigotcs, respectively. Miconazole. as a single drug, had IC, values of 6 and 3 ug/ml, respectively, 
against these life-cycle hns. Treatment of L anruzol~ensis emostigotes in mouse peritoneal macrophages with 
lovastatin up to a concentration of 10 @ml (-25 ulvl) had little effect on the percentage of macrophagcs infected or the 
number of amastigotcs in the macrophages. Due to drug insolubility problems, and IC, could not be determined, but it 
was estimated to be well in excess of 10 ug/ml (-25 r&l). The lC, for miconazolc was estimated to be 8 ug/mI. 

When used in combination, miconszole and lovastatin IC, concentrations ofeach drug could bc reduced by 2- to IO- 
fold, suggesting a synergistic activity interaction against these life-cycle forms of these Leishrrmr~iu spp. 

I2 



Rlorrison, DD., ct aL Elf&s of skroids and steroid synthesis inhibiton on fecundity of S. mansoni jn vj(a J 

Chern Ecol. 1986; 12: 190 I-08. 

Mevinolin (lovadatin) was rcp~rted IO significantly depress egg production (-50%) at I uM (0.4 q/ml) in S&islosomo 
momoni grown in v&-o for 72 h at 37*C with shaking in medium that was a I : 1 mixlure of FWvll 1640 and heat- 
inactivated horse scnun, adjusted to pH 7.4. Pcniciliin and streptomycin (100 us/ml each) were added along witi 
mercaptoetharm1 to a final concentration of 5 x IO-’ M  Mcvinoiin at higher conccntralions (i.e., 10 uM and 100 UM) 
(4 and 40 ugknl, rcspcctively) was unable to completely inhibit egg production. E%kcts on adult mating pairs 
appeared to be minimal even at 100 uM lovastatin. Adult schistosomes are incapable of de nova cholesterol formation 
[(Meyer et al., 1970; Smith et al., 1970); cited by the authors of this paper]. Egg production inhibition by lovastatin was 
not reversed by coincubation with 100 uM cholcskroL Morrison, cl al., concluded fioti thcsc data that Iovastatin 
inhibitibn of egg production is not due to a steroid-mediated cfTcct. 

Vandewaa, EA., et al Physiological role of HMG-CoA reductase in regulating egg production by Schktosoma 
mansoni Am J Physiol 1989 Scp; 257(3 Pt 2): R618-25. 

The purpose of this publication was to provide evidence suggesting that HMG-COA reductasc activity plays a critical 
role in parasite egg production Several lines of evidence, dcscribcd below, were provided to support this hypotlre&- 

white outbrcd (JCR) female mice, infected infraperitoneally with 250-300 schistosome cercariae, were dosed daily with 
lovastatin (50 or 250 mgkg) by gavagefor 3 days starting at 42 days postinfection. Control mice were dosed with 
vehicle only. mer treatment of these acutely infected mice, parasites were collected and microsomes were prepared - 
HMG-CoA rcductasc enzyme activity measured in microsomcs obtained from schisbsomes exposed to 250 mgkg 
Iovastatin was reduced significantly (-3-fold) compared to untreated con(ro1.s. However, if the lovastatin cxposcd 
parasites were subscquenlly grown in v&-o fqr 24 h in drug l?ce medium prior lo assay for HMG-CoA rcductasc activity, 
the enzyme activity was observed IO be significantly enhanced (-2-fold) over controls. In contrast to these results, 
parasites collected f?om mice treated wirh 50 mg&g Jovasfatin were shown IO have a significant induction in HMG-CoA 
rcductasc activity over controls. 

Bccausc Iow doses of lovastatin (50 mgkg vs. 250 mgkg) produced higher levels of HlvlG-CoA rcductasc activity in 
tie above experiments, egg production in schistosomcs obtained from lovastatin treated mice, dosed daily for IO days at 
50 mg/kg sttiing at 35 days postinfection, was evaluated in virro (Table 2 from Vandcwaa, et al.. J 989). 

Concentm(ion 
-. . In. Viva,, . .‘ , -. _ . .9fMcvinolin _ . . . . . . X0. . . - * 

Treatment in Culture Media J%ss 

Vehicle 0 60.4 2 32.6 
Vehicle IOuM IO.72 7.3* 
Mevinolin (SO mgkg) 0 321.8 + 90.4* 
Mevinolin (SO mgkg) IOuM 6.3~ 4.1’ 

Data are means + SD for number of eggs per female per 72 h Parasites were incubated in the prcscncc or absence: of 
mcvinolin following in viva exposure to the drug or its vehicle. *Significantly different from control, P < O.OJ_ 

These results show that adult S nrorrsoni schistosome egg production, measured in an i~t virro assay, was stimulated 
approximatcfy S-fold in infected mice treated with 50 mg/kg lovnslnlin. Moreover, this stimulation could be blocked 
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upon the addition of 10 uM mevinolin to the in ~;rro culture medium. Furthermore, it was reported that lovastatin’s in 
v&o inhibition of schistosome egg production could be reversed by the addition of either fames01 or mcvalonatc at a 
concentration of 80 u&l. These data, taken together with the fact that schistosomes are incapable of synthesizing 
cholesterol de novo, led these authors to conclude that a nonsterol lipid, yet to be identilied. may play an important role 
in regulating egg production by S. monsoni. 

ncse iI, vir~-o observations led to experiments whet-din in viva egg production by schistosomes was measured in mice 
treated with 50 or 250 mg/kg lovaslatin. Drug was administered by oral gavage for 10 days beginning 35 days 
postinfection. The results on in viw egg production CoXTelEkd with observations on l-&GCOA dUCt8SC enzyme 

activity and on i~r vitro egg production, mentioned above. Al SO m@kg, egg production, i11 viw, was enhanced over that 
observed in control animals (degree of enhancement not reporled). In mice treated with 250 mg/kg, egg production was 
inhibited 45.4% compared to control animals. This reduction in egg production was correlated with a reduction in liver 
pathology associated with schistosome infections in mice Reduction in pathology did not occur in infected m&x treated 
with lovastatin at SO or 100 mg/kg. Aduit worm burden was unaffected by treatment with lovastatin at any of the 
concentrations evaluated. 

From these studies, the authors concluded that *..- Although the chronic application of mevinolin to an infected human 
would be an inappropriate strategy for the control of the disease sssociated with the infeclion. we felt that the 
consequences of a continuous application of mevinolin to infected mice should validate the concept that a reduction in 
egg production should reduce the parasite-induced pathology.’ 

Chen, GZ, et al. Antischistosomal action of mcrinolin: evidence that 3-h~drosy-mcfl~ylglutar~l-cocnz~~e A 
reductase aclivity in Schistosoma mansoni is vital for parasifc survival. Naunyn Schmiedcbergs Arch 
Pharmacol. 1990 Ocf; 312(4): 477-82. 

This publication is an extension of the observations reported by Vandewaa, et al., 1989, described above. In this paper, 
these authors reported on adult and developing schistosome survival in mice administered 0.2% Iovastatin (equivalent to 
640 mg/kg/day) in the diet for 14 days, beginning 35 to 45 days postinfection. Results Tom this study show that 96- 
100% of adult parasites were eliminated by this treatment. These effects were shown (0 be drug dose dependent 
Administration of the same dose beginning 2 days prior and continuing for 15 days &a infection (juvenile stage of 
parasite growth), resulted in 93-96% reduction of adult parasites. TO determine if lovsstatin could be shown to be lethal 
in irj V&-O cultures of schistosomes, adult parasites were exposed to increasing do% of lovastatin (I to IO I.&Q. Lactate 
production and motility in these treated parasites, as a measure of drug toxicity, were observed over time. The response 
was time and dose dependent. At 3 days incubalion, IO uM lovastatin reduced motility and lactate production > SO%, at 
11 days of culture, doses of I-10 uM inhibited activity nearly 90%. It wns stated that inhibition of motility and lactate 
production eventually resulted in death of the organism but it was not clear from the results provided ES to when death 

. :.... . . .i - --=.xc’!d actuaIIy occur. 

Urbina, JA., et al. Mcvinolin (lovastatin) potcntiates the antiprolifcratise effects of lcctoconazoie and 
terbinafine against Trvpanosoma (Schizotnpanum) cruzi: in vitro and in viva studies. Antimicrob Agcntr 
Chcmothcr. 1993 Mar; 37(3): 580-31. 

In this study, the authors evaluated Ihe potentiation effect of lovastatin on the antiproliferative effects of ketocone;Ble 
and terbinafine against ~rypu~~oson~u ctuzi, the causative agenl of American trypanosomiasis (Chagas’ disease). Activity 
againsl cpimastigoles and amasiigotes ill vifro and parasitemia itz viva was determined for each single drug and also for 
the drugs when used in combination. for all ~JI virl-o studies reported, lovastatin was hydrolyzed to the active hydroq 
acid drug form prior to use. 
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In ~JJ vifro studies. the epimastigote form was cultivated in liver i&sion-tryprOse medium supplemented with 10% calf 
scorn at 28’ C with slrong agitation (120 c-pm). The e&proliferative effects were measured at various times aller 
addition of varying concentrations of each drug alone and in combination. Resulls obtained 6-om these in v.+ro studies 
showed that lovaststin, at 7.5 uM (3 q/ml), ketoconazolc at 0. I UM and terbinafine at I uM, each, reduced grow& of T. 
uuzi epimastigotes 20% to 30% when evaluated as single agents. Lovastatin at SO and 75 UM (20 and 30 ugEml 
JCqXCtiVefy) caused complete growlh arrest with cell lysis ensuing at 144 and 96 h, respectively. Lovastatin at 7.5 u&f 
in combination with ketoconazole at 0. I uM resulted in complete growth arrest followed by cell lysis at 144 h. Thus, the 
authors concluded that the trypanocidal concentration of lovastatin was reduced by a factor of 10 in the presence of a 
ketmmle concentration that by itself had only very modest effects on parasite growlh. Terbinafine in combination 
with lovastatin produced a lesser effect, complete growth inhibition and lysis required 25 UM lovast& with 1 uM 
tabinafime. 

The authors also reported on the effects of lovastatin on T. cruzj amastigotes proliferating inside Vera cells in vih-0. 
Lovastetin at 1 UM (0.4 u&l) produced less than a 30% reduction in the number of parasites per Vero cell and %  of 
infected cells afler incubation at 37’ C for 96 h At concentrations greeter than I uM, lovastatin had a deleterious effect 
on the host cells; thus, the anliparasitic activity measured is close to the cytotoxic drug concentration for the Vexo cells 
(i.e_, the therapeutic index is close to 1). However, lovastatin at 0.75 uM in combination with 1 nM ketoconatole, which 
by itselfprcduced a 30 to 40% reduction of in the number of infected cells, produced a complete elimination of 
amastigotes without deleterious effects on the host cells when cells were treated fix 192 h. when terbinafine and 
lovastatin were evaluated in combination. only additive effects on amastigote reduction were observed. In thge studies, 
amastigotes were cultivated in Vero cells maintained in minimal essential medium supplemented with 2% fetal calf 
serum in humidified 95% air-S% CO, atmosphere at 37’ C. The medium, with and without drug. was changed every48 - 
h 

From their ~JI viva murine model of Chagas’ disease, the authors reported the following results: 

I  
.  .  .  mice rreated orally with ketoconazole at 30 mg/kg of body weight per day for 7 days were 

fully protected from death 40 days after infection with a lethal inoculum of i? cruzi blood 
trypomastigotes. while all the controls (untreated) were dead 24 days postinoculation; 
ketoconazole at this dose completely suppressed parasitemia. When the dose of ketoconazore 
was lowered to IS mg/kg/day, incomplete protection against death and significant numbers of 
circulating parasites were obseTved for up to 25 days. Mevinolin at 20 mg/kdday promoted 
SO% survival, but the level of parasitemia was comparable IO that observed in the controls. 
However, when the low dose of ketoconazole was combined with mevinolin, 100% survival 
and almost complete suppression of parasitemia were observed, indicating a synergic action 
in vivo, which was most evident in the effect on circulating parasites ___. 

c *, .*. . 
In these studies, drugs, suspended in 2% methylcellulose containing 0.5% 1.ween 80. were given by gavage once daily 

for 7 days. T. ami Y strain was inoculated (10’ trypomastigotes) intrapertoneally into female outbred NMRJ albino 
female mice weighing 25 to 30 g and t.reatment was initiated 24 h later. 

Brcner, Z, et al- An csperimcntal and clinical assay with Itcfoconazolc in the treatment or Chagas disease. 
Mcm Inst Oswaldo Cruz 1933 Jan-Mar; 88(l): 149-53. 

b this publication the authors tested the iJJ viva activity of ketoconazole associaled with lovastatin for possible 
synagistic activily against T. cmzi Y  strain infection in mice (see table below). Other drugs evaluated in this 
publication were cot reviewed for this report. 



- . 
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Jn this study, groups of Swiss albino mice, weighing 18-20 g were inoculated intraperitoneally with 2 x 10’ blood fxm.s 
of r cnrzi Y strain. Treatment was started 24 h afkr infection and continued for 20 days. Drugs were prepared in 
distilled water and administered by oral gavage. 

Table II from Brener. et al.. 1993. 

Parasitemia and mortality in groups of mice inoculated with 2 X 10’ 
blood forms of the Trypanosoma cruzi Y strain and treated with 
ketoconazole, lovastatin and association of both drugs 

Drug @S-x) 

/ 
No. parasites/S ul Mortality 

0” day) (20” day) 

Ketoxmazole (100) 
Ketoconazole (40) 
Ketoconazole (25) 
Lovaslatin (100) 
Ketoconazole (40) 
Lovasta1in (10) 
Ketoconazole (25) 
J.Dvastatirl(2S) 
Untreated controls 

0 016 
780 l/6 

14.670 IIS 
64.333 616 

689 l/S 

IS.480 41.5 

19.02 I 515 

Note: The data reported in this table is in conflict with statements made by the authors in the text The 
numbers reported in the table for the No. parasitesis ul for Kctoconazole (40) and the combination of 
Ketoconazole (40) with Lovastatin (JO> appear to be incorrect based upon text information provided Rather 
than the numbers 780 and 689 as reported above, the actual numbers may be 0.780 and 0.689, respectively. It 
appears that a decimal proceeding the number was omitted when printed by the publisher. It is not certain that 
this assumption is valid. Howevcr, the analysis of the results has been based upon the written text information 
which implies that this assumption is reasonable. 

Jnteqxetation of data presented in this publication shows that lovaslalin at the highest dose evaluated (100 mg/kg) 
exacerbated parnsitemia approximately 3-fold over untreated controls and failed to provide a survival benefit associated 
with tmatment Ketoconazole at 100 mg/kg eliminated the parasitemia and 100% of the mice survived. Ketoconazole at 
?5 mg&p reduced parasitemia approximately 20% and 80% of the mice survived; whereas, all of-the untre;lted controls 
died Jfthe assumption that the correct numbers for parasitcmia in the groups of mice treated with ketoconazdie, as 
discussed above, are 0.780 and 0.689, then the parasitemia data reported in this table suggest that lovastatin in 
combination with ketoconazole is antagonistic in this infection model with respect to parasitemia. 

Lujan, HD., et al. Isoprcnylation of proteins in the protozoan Girrtlia lamhlia Mol Biochcm ParasitoL 1995 -- 
Jun; 72(1-2): 121-7. 

The authors of this publication reported that Gin)-dia Ianrbfia has the ability to modify several of its cellular proteins by 
isoprenylation. Protein isoprenylation and cell growth were inhibited in a dose dependent manner with complete- 
inhibition obtained by concentrations of compactin 1200 uM (-80 ug/ml) and mevinolin (data were shown for 
compactin only). This inhibition due to HMG-CoA reductase inhibitors was completely reversible by the addition of 2 
mM mevalonate to the culiure medium. 
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Lovastatin and Simvastalin Antimicrobial Activity Against Parasites: 

Grcllicr, P., ct al 3-Hydroxy-3-mcthglglutaryl cocnzyme A reductase inhibitors lovasfatin and simvastatin 
inhibit in vitro dcvclopmcnt of Plasmodium falciparum and k-&c& diverecns in human crythroqtes, 
Antimicrob Agents Chemothcr. 1994 May; 380: 1144-8. 

In this publication, the authors evaluated the ability of lovastatin and simvastatin to inhibit, in ui/ro, groti and 
development ofPlasmodilrm/aIciponrm and Babesia divergens, the causative agents of human malaria and bovine 
babes&is, respectively. B. divergens, in some cases, causes disease in humans. 

Asynchronous parasite cultures (OS% parasitemia and I %  hematocrit) of P. / I a CI Jo arun~ were maintained on human type 
0’ RBC in RFMll640 culture medium supplemented with 27.5 mM NaHCO,, 25 mh4 HEPES buffer @ H  7.4). 11 n&f 
gluc~~, and 10% human 0’ serum in an atmosphere of 3% CO,, 6% O,, and 91% NX at 37’ C. The E. diver-ens 
isolates were maintained in virr-0 in the same manner as ?? fi lciparum except the cultures contained 1% parasilemia 
rather than 0.50/o. Cultures were treated with lovestalin or simvastatin at various concentrations for 24 h Parasite 
growth was estimated in lovastetin or simvastatin treated cultures either by [3HJhypoxanthine incorporation for I8 and 
16 h, rcspeccively, or by Giemsa-stained smears made at the end of the expuimcn~ Results are shown in the following 
table. 

Table 1 f?om Grellier, et al, 1994 

Antiparasitic activities ofHMG-CoA 
reduclase inhibitors 

Mean IC, (ugml-‘) + SD 

Parasite strain 
P. falciparum 

F32ITanzania 
FcB. l/Columbia 

B. divergerts 
Rouen 1987 
Weybt-idge 8843 

Lovastatiri- . Simvastalin 

15.7 + 6.5’ 16.2236 
13.6 t 3.7’ 12-8 _t 2.Sb 

8.4 +0.3b 5.0 k 0.4b 
ND 5.V 

_- 

‘From four experiments. 
. . ..: ._. T:omwr.xperiments. _ ,.,, 2. *___ .,, , __ ,r: .r - : . . , _ . . . : I+- .I _ 

WD, not determined. 
Tram two experiments. 

Similar IC,, vaIues were obtained for lovaslatin and simvastatin against the plasmodium strainr, both IC, vaIue.s were in 
the range of 10 to 20 q/ml (-25 to SO UM). The drugs were equally effective against the chloroquine-susceptible 
F3manzania stain and tie chlorcquine-resistant FcB. I/Columbia strain IC, values [or B. divergens isolates were in 
the range of 5 to 10 q/ml (-12.5 to 25 UM) and suggest no ditference in sensitivity between the two strains tested. 

Subsequent inhibition assays with 6-h-pulse incubations of simvastatin with P.fi lcipan~m synchronized cultures 
showed that the trophotoitc stage of the qthrcqtic life cycle is the stage at which the parasite is most susceptible to 
simvastatin cy(oloxic effects giving a complete inhIbition of growth were observed for all parasite slages only with 
drug concentrations above SO @ml (-125 uM). Revcrsal of parasite growth inhibition by excess of exogenous 
mevalonate was unsuccessful and may have been due to (he inability of non-drug treated P.filciprum infected RBC to 
incorporate [IclC]mevalonate. This observation suggests that the parasite is not capable of mevalona[e uptake from the 
assay medium. 
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From these s(udies, the aulhors concluded that Ihe achievable concentrations of HMG-CoA reduclase inhibitors in 
human plasma are unsuitable for a blood eradication ofmalaria by [he current usqe of this cholesterol-lowering agent 

Simvadatin Antimicrobial Activity Against Parasites: 

Coppcns, I., ct al. Activity, pharmacological inhibition and biological regulation of 3-hydroxy-3-methyIglutaryl 
cocnzymc A reductase in Trvgnnosoma brucei Mol Biochcm Parasiiol. 1995a Jan; 69(l): 29-40. 

In this study, the authors measured, in virrq the activity of HMG-CoA rcduclil~e in the bloodstream form and the 
culture-adapted procyclic form (insect form) of Trypanosomo brucei, the causative agent of sleeping sickness h 
humans. Synvinolin (simvastatin) was used as a tool lo study the regulation of the activity of both HMG-CoA &c& 

and tie abundance of low density lipoprotein (LDL) receplors exposed on the parasite cell surface. In &he process, Ihe 
elect of simvastadn on parasite grow01 and strrvival was determined. Simvastatin inhibited tie growth of borh procyclic 
and bloc&ream forms. In lipoprotein free medium the exponential growth of the procyclics was reducd 2-fold and the 
sensitivity to synvinolin was enhanced approximateIy 20-50%. The effect was dose-dependent and increased with time 
ofexposure lo the inhibiror (Table 1). 

Table 1 
IC, (IN) of synvinoli on the growth of Ttypanosoma brucei and rat f&al fibroblasts in culture 

Bloodstream forms Procyclic forms Rat foetal fibroblasts 
Lipoproteins in 
the medium + + + 

Exponential 
doubling time(h) 8-9 14 28 22 

Incubation time(h) 
24 NT 55+7 39+9 160+25 
48 26.~4 5OT6 27+8 7 579 
69 NT- 25-a 1876 5177 - - - 

Trypanosomes were grown as described in Materials and Methods in medium containing 10% complete serum (+) or 
lipoprotein-f?e.e serum (-), in the pksencc of increasing concentrations of synvinolin. At tie indicakd times, the number 
of lypanosomes was estimakd in a haemocytometer, while protein content of adherent fibroblasts was measured by the 
hwy assay. Values are means 5 SD of IC, calculaled Corn three separate ehTerimenls (NT, nol tested). 

In addition, growth of procyclics in complete serum showed similar IC, values for 4 other inhibilors tested (compaclin, 
= ,n;evillolin;nuvastatin tii: R(i-+2~li S3+_10 a140 h, 22u3 I&I at 69 h of&lure; &bincd means +IsD), Howqx~; . 

growth inhibition due to simvatiatin was reversible by products of the mevalonafe pathway or by lowdensity lipoprotein 
as shoam in Table 2 below. 
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Table 2 
Reversal of procyclic growth inhhilion due to synvinolin by products of the mevalonate pathway or by low-d&ty 
lipoprotein 

Medium Growth l% of control) 
Procyclics Bloodstream forms 

Control 100% 100% 
Spvinolin 51+6% 46-&3% 
Synvinolin + mevalonale (20 mM) 99?7% 8827% 
Synvinolin + squalenc (100 uM) Sl+S% 41413% 
Synvinolin + cholesterol (I 00 um) Spt9% 45511% 
Synvinolin + LDL (300 nM) 973/o 9S47% 

Procychcs were first incubated at 28’ C in lO’% of lipoprotein-free serum, while bloodstream forms were incubated at 
37’ C in 10% of complele serum, both with or without 25 uh4 synvinolin, for 40 h. After synvinoiin priming the 
indicated products of the mevalonate pathway or LDL were added in the medium. and cells were further incubated for 48 
h. Finally, the number of trypanosomes was estimated in a haernocytometer. Results are means k SD of three 
experiments and expressed in % of control growth, where lCO’% corresponds to 5.5 IO4 ml” procyclics and 2.5 IO6 ml’ 
bloodstream forms. 

Interpretation of these data suggest that synvinolin inhibition of growth is reversed in procyclic forms by mevalonate, 
squahe, cholesterol and LDL whereas in bloodstream forms growth inhibition is reversed only by mevalonate and 
LDL. 

Coppens, I., ct al. Exogenous and cndogenous sources of stcrols in the culture-adapted procyclic 
trypomastigotcs ofTrvpanosoma hrucci hlol Biochem Parasitol 1395b Jul; 73(102): 179-88. 

IJI this paper, the authors extend their work reported in their previous publication They have demonstrated that 
procyclics can synthesize their sterols as well as use imported aogenous cholesterol by LDL endocytosis through 
specific rozeptors and incorporate this lipid into their membranes. Major changes in the culture medium, such as 
supplementation with excess LDL, total removal of lipoproteins. or exposure to simvastatin have the capacity to induce 
modifications in the rate of sterol biosynthesis and in the composition of membranes, as well as modify procyclics’ 
growth rate. These data suggest that procychcs can adapt to extremely different media, so as to maintain a regulated 
supply of sterols. 

&&cedlaneous bvast@in Antimicrobial Activihr Studies: .-- -- --.. r . . . , - . . . _ . . . . . . I,. . ., . .,- . , _ . . . . . ,, . . _ -I 

NUITWOUS additional pubfications with limited information concerning lovastatin antimicrobial activity were identified in 
the published literature and are cited collectively immediately below this paragraph The majority of these publi&tions 
employed lovastatin as a molecular too! in molecular biology studies relative to the elucidation ofisoprenoid and steroid 
biosynthesis mechanisms Both individually and collectively, these data were not considered as relevant for the purpose 
ofdetemrining reclassification of lovastatin as an antibiotic drug. However, to complete the literature record, they are 
cited in this report in the event that subsequent discussion, relevant to the consideration of lovastatin’s reclassification as 
an antibiotic, would benefit by their inclusion. 

Bard, M., et al. Isolation and characterization of mevinolin resistant mutants of Sacchnromvces cercvisiae. J Gen 
Microbial. 1988 Apr. 134(Pt4): 107 I -8. 

Koning, AJ., et al. Different s&cellular localization of Saccharomvces cerevisiae HMG-CoA reductasc isozymes at 
elevated levels corresponds to distinct endoplasmic reticulum membrane proliferations. Mol Biol Ceil. 1996 May, 
7(S): 76989. 
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Lum, PY., et al. Molecular, functional and evolutionary charac:erization of the gene encoding HMG-CoA reductase in 
the fission yeast. Schizosaccheromvces pombe. Yeast. 1996 Scp IS; 12(11): I 107-24. 

Ng, WL, et al. Minimal replication origin of the 200-kilobase Halobacterium plasmid pNRClO0. J Bacterial. 1993 
Aug; 17S(lS): 4584-%. 

Rostand, KS.. et al. Cholesterol and choIestero1 esters: host receptors for Pseudomonas acnminosa adherence J Biol 
Chem. I993 Nov IS; 268(32): 24053-9. 

Smith, SJ., et al. Transcriptional regulation by ergosterol in the yeast Saccharomvces cerevisiae. Mol Cell Biol. 1996 
Ott; l6( IO): 5427-32. 

Taraboulos, A, et al. Cholesterol depletion and modification of COOH-terminal targeting sequence of the priori protein 
inhibit formation of the suapie &form Lpublished erratum appears in J Cell Biol 1995 Jul: 130(2): 50 I). J Cell BioL 
1995 Apr. 129(l): 121-32. 

Vanderplasschen, A, et al. The replication in vitro of the gamma herpesvirus bovine herpesvirus 4 is restricted by its 
DNA synthesis dependence on the S phase of the cell cycle. Virology. 1995 Nov 10; 2 l3(2): 32840. 

DISCUSSION 

Data useful for the analysis of whether a drug possesses antimicrobial activity sufficient to warrant its classification as an 
antibiotic drug product may be obtamed from a variety of studies. These stidies may include data generated from 
human clinical trials, animal models and/or from in virro cell cullures. Obviously, data fi-om adequate and well 
controlled human clinical trials, wherein the a&biotic properties of a drug product have been well characterized, would 
be the best source of information upon which to base a decision. In the absence of human clinical data, one has two 
choices with respect to drug classification decision making: 1) determine that the drug is a non-antrbiotic drug because 
relevant human data are unavailable, or 2) utilize preclinical antimicrobial activity data exaapolated to relevant human 
use cir-antes, where possrble, in place of human data. Antimicrobial activity associated with lovastatin or related 
“statin” class of drugs from human cJinical studies has nol been reported in the literature. Therefore, option 2 has been 
addressed in this report, recognizing that management may determine a decision based upon option J _ 

Ideally, one should have standardized and validated preclinical models for the determination of antimicrobial activity. 
The term, validation, refers to the circumstances where activity data developed from preclinical models are reproducible 
and have been shown to be predictive and to correlate with activity subsequently determined in human clinical trials. 
Unfortunately. the preclinical assays used for generation of antimicrobial data for HMG-CoA reductase inhibiton have 

. I ..- beeRneither standafdizednor v.alidated f Conseqxnndy, considerable cart should be taken v*hen meJ&rtj attempts to. . ._ . . - 
determine relevance of p&nical activity data for human drug use parameters. 

As a first step in the decision making process for classification of a drug as an antibiotic drug, a clear target definition of 
antibiotic drug should be determined. As discussed in the background section of this report, the legal definition of an 
antibiotic drug leaves some room for interpretation from at least two perspectives. First, the species of microorganisms 
that must be inhibited by a drug product have not been specified. Second, the term “___ inhibits in dilu!e solution . ..” does 
not indude an interpretation as to the meaning of “dilute solution.” It is recognized that there may be several alternative 
interpretations applied lo this meaning. However, for the purpose of this data analysis and report, the term “-.. inhibits in 
dilute solution ..-* is interpreted as the drug concentration in preclinicaf studies that elicits inhibitory activity against 
microorganisms that correlates with clinically relevant human tissue drug concentrations. Human tissue drug 
concentrations considered relevant are those that are achieved from doses administered IO tfre human target populations 
for the indicated use of the drug. The data provided in the Pharmacology section of this report suggest that the target 
tissue drug concentration of relevance for lovsstatin and simvastntin antimicrobisl activity should be -0 I uM~ 
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Lovastatin and simvastatin in vitm antimicrobial activity was evaluated against a variety of bacteria, viruses, yeask, 
fungi, and parasites as summarized in Tables l-3. None ofthe microorganisms evaluated in these studies was inhiiited 
by concentrations of lovastatin in vifro that were _( 0. I M  tie target concenuation as specified in the definition of dilute 
solution. However, several different species of microorganisms. including H. holobium, H. uolcanii, HIV, R ghinis, 

S solmorCcolor, P. blakesleeouus, 71 cruzi amastigotcs, and S monsorri, were inhibited at 3- to 2Sfold greater 
concentrations than the 0.1 uM target The remaining microorganisms were inhibited only by lovastatin in viwu at 
concentrations more than SO-fold (range SO- to 1.900-fold) greater than that identified in the target dctinition of dilute 
solution. Simvastatin antimicrobial activity was evaluated only in parasites (Table 3), the grow+ inhibition of which 
required concentrations at least 12.5fold (range 12S- to 1,X0-fold) greater than the target definition stated above. 
Reports of pravastatin antimicrobial activity were not found in the published literature. 

The majority of the in vine studies described in this report employed an experimental design that utilized minimal 
media, supplemented with either low concentralions of serum or lipoprotein depleted serum. for microorganism gmw& 
This fact imposes a setious limitation upon interpretation of these data with respect to potential in viva lovastatin 
antimicrobial activity. For example, in v&-o growth inhibitory effects of the HMG-CoA reductase inhibitor, compactin, 
on Chinese hamster ovary c&s (CHO) were shown to be dependent upon the amount of low density lipoprotein (LDL) 
and mevalonate present in the growth medium (Goldstein, et al., 1979; cited in a review by Brown and Goldstein, 1980). 
They reported that in the presence of either 2 t&f or 40 t&f compactin and in the absence of both LDL and mevalonate, 
CHO cells faikd to grow. On the other hand, growth inhibition of cells treated with 2 uM compactin was reversed by 
the addition of 25 ug/m! LDL, but not by the addition of0.S mM mevalonate. to the culture medium. When cells were 
treated with 40 uM compactin, neither 25 ug/ml LDL alone nor 0.5 mM mevalonate supported growth. However, the 
combination of 25 us/ml LDL and 0.5 mM mwalonate restored full growth of CHO cells even in the presence of 40 uh4 
compactin Interpretation of these data shows that the MIC of compactin can be increased by a minimum of 20-fold (i.e., 
2 uM to 40 t&f), and perhaps more. depending upon the composition of the growth medium with respect to LDL and 
mevalonate content The concentrations of LDL and mevatonate necessary to reverse HMG-CoA reductase inhibition of 
cell growth are variable. In the absence of cholesterol, cell growth requires large amounts ofmevalonate, most of which 
is channeled into cholesterol biosynthesis. When cholesterol is present in saturating amounts, only a small amount of 
mevalonate, required for isoprenoid biosynthesis, is necessary to support cell growth. In many of the publications 
reviewed for this report, the antimicrobial activity of lovastatin was shown to be reversed by the addition of varying 
amounts of mevalonate or other pmducts of the steroid or isoprenoid biosynthetic pathways, such as LDL, ehoksterol, 
famesol, and squalene. Moreover, reversal of growth inhibition required less mevalonate in studies that employed 
higher level of serum in their growth medium. Interpretations fmm these data suggest that antimicrobial activity of 
IHMG-CoA reductase inhibitors determined from these in vitro study results would be substantially diminished if the 
assay media employed in these studies were not limited in serum and contained concentrations of mevalonatc and LDL 
normally present in Mvo. These observations would suggest that HMG-CoA rcductase inhibitors should exhibit 
significantly less antimicrobial activity in viva than that observed in these in vi/r0 studies. 

. . . . .., . . , ,* 
Only four murk animal model in vive studies containmg lovastatin antimicrobial activrty data were idenrified in the 
literature; hvo studies on S nransoni and two on T. cruzi. In S. munsoni, adult schistosome survival was reported to be 
reduced 96- 1 OQ% in mice fed 0.2% lovastatin (640 mgkg) in their diet for I4 days (Chen, et aL, 1990). At 250 mgkg, 
adult s&&some survival was reported IO be unaffected although egg production was inhibited 45.4% (Vandewaa, et 
al., 1989). In mice treated with 100 mgkg iovastatin, egg production was unaffected while at SO mg/kg egg production 
was enhanced. Thus, it appears that considerably high IeveIs of lovastatin are required to inhibit S. monsoni adult 
schistosomes and egg production i/l viva, in spite ofthc irr virro sensitivity ofS. nrnnsoni also reported in these studies. 

Conflicting data were reported knceming lovastatin’s antimicrobial activity against T. crvzi infection in mice. Urbina. 
et al., 1993, reported that lovastadn, as a single drug, was incapable of inhibiting parasitemia in infected mice, although 
a dose of 20 mg/kg/day administered for 7 days increased survival 50% over untreated, infected, control mice. In 
contrast, Brener, et al., 1993, reported that lovastatin at 100 mgkglday exacerbated parasitemia approximately 3-fold 
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over untreated controls and failed to provide a survival benefit. Tbcsc data are in contrast lo results obtained from in 

vifr-0 studies where, at least for 7: crvzi amastigotcs, groltih inhibitory concentrations were only IO-fold greata than the 
target definition of I___ inhibits in dilute solution. ..’ Lovastatin. at I uM, was reported to eliminate T. ct-uti amastigotes 
from I% v;rro cell cul~urcs within 192 h; whereas. cpimastigotes required conccnlralions of 25 10 I25 uM (Urbine, et al., 
1993; Florin-Christensen, et al.. 1990). These results are consistcn~ with tbc prediction tbal it? viva antimicrobial 
activity of HMG-CoA rcductasc inhibitors would be substantially less than thal reported from the in vile, studies. 

Several publications also contained data on the antimicrobial efkct of lowstalin in combination wvi(h azoles. Azoles are 
known to inhibit ergosterol biosynthesis in yeasts and &ngi. The rationale for the study design was hvo-fold F~IXI. 
Iovastatin had been rcportcd 10 inhibit sterol biosynthesis in the yeast, .S. cenvisiue. and in the process increase ccl1 
membrane permeability to exogenous stcrols. It was anlicipatcd that this increase in cell permeability would extend to 
azolcs present in the cultures, thus, potcntiating antimicrobial activity of the azole. Secondly, Iovastatin and azoles 
inhibit two separate crzymcs involved in the biosynthetic pathway of crgostcrol, a sterol required for growth of fungi, 
yeasts and some parasites. Exposure of a microorganism to drugs capable of inhibiting two separate targets in ergostcml 
biosynthesis was anticipated to be able to maintain antimicrobial activity of the azole while permitting lower, perhaps 
non-toxic, doses of azoles to be used in the treatment ofinfections. 

In general, results from in V&I-O studies showed that Iovastaiin in combination with azolc drugs resulted in a synergistic 
antimicrobial interaction against several microorganisms. However, the same cautions pertaining to the in M’lro 
lovastatin ahnicrobial data referred to above should be applied to these combination studies. In addition, combination 
drug activity observed in a murine model of parasite infection was less impressive with respect lo antiparasitic effccts~ 
One report suggested a slight reduction in ketoconazole required lo eliminate T. cruzi parasitemia in mice when used in 
combination with lovastatin (Urbina, et al., 1993). H owevcr, a separate report suggested an antagonistic interaction for 
lovastatin and ketoeonazole when used in combination against the same species of micrwrganism (Brencr, et al., 1993). 

Unfortunately, the in vivu results reported in the above studies are further complicated by the fact that the authors failed 
to t&c into consideration a very major concern. Ketoconazole and itraconazole are known to inhibit the cytochrome 
P450 3A enzyme family responsible for the metabolism of lovastatin (Wang, et al.. 1991; Back, et al.. 1992; Rot&n, 
et al, 1992). Inhibition of this enzyme by itraconazole has been show-n to increase the concentration of lovastatin by 20- 
to 30-Fold in normal human subjects administered 200 mg itraconazole daily for 4 days followed by a single 40 mg dose 
of lovastatin on day four (Neuvonen, et al., 1996). In one of the 12 subjects in the study, creatine phosphokinase 
increased IO-fold within 24 hours following administration of the lovaslalin dose, indicating skeletal muscletoxicity. 
l& increase did not occur when the subject wns given the same lovaststin dose four weeks later without itraconazole. 
Moreover, in transplant patients taking Iovastatin and cyclosporine, a drug that inhibits cyiochrome P4SO enzyme CYP 
3A4, serious myopathies (attributed to increased plasma lovaststin concentrations) have been reported that can be 
controlled by lovastatin dose reduction and careful monitor&g of lovaststin plasma levels (Amadottir, et al., 1993). 

-. . . .I. .. . -1 
While the &hors of the studies for the evaluation of antimicrobial activity associated with lovastatin in combination 
with ketoconazole focused on the potential to reduce interference with hcpatic firnction and testosterone production 
associated with high doses of ketoconazole, they failed to consider the effects of ketoconazole on increasing hue 
lovastalin concentrations and the potential for lovaslatin induced toxicity exacerbation It is not clear from the data 
available iflovastatin concentrations, when reduced sufiicicntly to avoid potentiai toxicity reactions, would elicit a 
synergistic response with respect to ketoconazole’s antiparasitic activity to bc meaningW. Moreover, the concept of 
lovastatin’s ability 10 potcntiate the activity of another drug that is not an antibiotic may be irrelevant 10 the discussion. 
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Table I. Summarv of Lovastatin in tin-o Activitv Aminst ljacteris and Viruses. 
MiffoorgXliSnl Inhibitory Reference Comments 

Inhibited Concn. (UM) 
ficherichia coli 

kfolobacterium holobium 

IiaIobac~erivm volcanii 

Mu&e Lt&emia Vi 
WULV) , 

68.3 zhou, et al.. 
1991 

1-2 Cabrcra. et al., Cells of the genus, Hulobac~etiunt, rcqGrc > 15% NaCI 
1986 for growth Inhrbition reversed by 4 mM mevalonate 

1-2 
2040 

ND 

Lam, et, 
1989 

ovameyer, 
1992 

In minimal medium, MIC is 1-2 uM. In 
enriched medium, MIC is 20-40 uM 

2-j uM lovastslin prevcnkd maturation of MuLVs 
glycoprotein pr ecursor, gPr9CF. to the mature 
envelope gfycoprotein, gp70”. Inhibition of virus 
infkclivity was not reporkd. 

Human lmmunodefkienq 0.3 Maziere, et al. 
V-0 1994 

Measks Virus ND 

Inhrbition of growlh was not achieved- Eubactefia do 
not utilize acetyl CoA and mevalonale in biosynthesis 
of isoprcnoids 

H9 cells were adapled to grow in malium 
supplemented with 1% serum to limit 
exogenous cholesterol. Vi inhibition was 
determined by a reverse transcxiptase assay. Reverse 
tianscriptase was reduced -1 O-fold afler lovastatin 
freatment compared to unueated, infected controls. 

Malvoisin. et al., Mea&s virus induced syncytia in Vero cells was 
1990 inhibited at -15 uh4 lovastatin Inhibition of measles 

virus infectivity was not reported. 
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Table 2. SU~~XW of I-ovastalin in Tim Activitv Against Yeasts and Funpi 
Microorganism Il lhii i lO~ Reference Comments 

Inhibited Concn. (UM) 
Rhodoronrla ghfinis -025 kura, Cl al., Cells wcrc grown in 0.67% yeast nitroogcn 
Sporabolomyces saimonicolor -2.5 1988 base with 0.5% glucose Cell inhibition tith 
Aessosporon salmonicolor -5.V 
CileroniyceJ matrilensis 

compactin was shown to be rev- exqt 
-5.V for C. mafrifensis. by addition of 10 M  

mevalonate to the culture medium. 

Saccharomyces ceraisiae >_I90 Lorew et al., 
1990 

Lovastatin at - 25 uM, in combination with 
ketoconazole, clotrimazole or miconazo~e, 
decreased the MKs of these azoles 6, IO- 
and 32-fold, respectively, suggesting a 
synergistic antimicrobial activity between 
lovastatin and azoles against S cctisioe. 

Candida albicons VA 
Candida albicans 722 
Candida tropicalis 
Tondopsis glabrala 
Aspergiihfsj-imigalrrs 113 
Aspergifhs fumigalus 
Aspergillus niger 
Rhizopus rhizopod,formis 

Phycomyces blakesleeonus 

Physarum polycephahm 

-125 
-250 
>250 
>I250 

-15 
-IS 
-30 

-12s 

I 

12s 

Sud, et al, 
1985 

Lovastatin, at concentrations between -2 and 
62.5 uM, gave a fourfold or greater reduction 
in ketoconazoIc MlCs when used in 
combination studies. However, a fourfold 
reduction for C. tropicolis and T. giabrata 
was not obtained. These data were generated 
utilizing completely synthetic media. 

Bejarano, et al., Fungus was grown on minimal agar medium. 
1992 The obsewexi inhibition by lovastatin WRS 

reversed by the presence of 10 mM but not I 
rnM mevalonate. 

Engstrom. el al., Inhibition of protein synthesis, DNA 
I989 synthesis, nuclear division and plasmodia 

growth could be partially reversed by the 
addition of mevalonate at concentrations ~0.4 
mM. 

“Inhibition determkd wth rzmpactin only (lovastatin is an analogue of compscti’n). .a- .s. 
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Table 3. SUNIIA~V of Lovastatin and Simvnststin in V~WJ Activitv Against Parasites 
Microorganism Inhibitoq Reference Commenls 

Inhibikd conal. (UM) 
Lovstalin inhibited growdi in * dose dcpcndau f&ion; 112s and 7S u&4, 

amadigdn 

-200 

tishmanfa ammonensis 

P-=%- 
ama&ates 

Schisloromo monsooni 

-so 
=a 

>I00 

Giardia knnblia 2200 

, .  .  .  .  .  .  .  .  .  . \  . I .  .  . :  

Pla3modium/alciparum 

F32franzania >1254= 
FCFUC&olbii .125’S 

Babesia divergcns 
Room 1987 -12s to25c 
Weybxidge 8843 -1Y 

?iypanoromu brucef brucei >20 

Trypanosoma brvcei 

bloodswam forms 2s’ 
procyctic forms 1810 59 

22 10 53’ 

,. ,. 

urbim, cl al, 
1993 

HaugJta~ CI al.. 
1992 

Motison. ct al.. 
1986 

Vandewaa, ct al., 
1989 

(Xa5d.L 
1990 

Grellicr. cl al., 
1994 

Grcllicr, d al., 
1994 

And-q Cl al, 
1996 

coppas, cl II.. 
1995a 

gm+41 was progrtivcly inhibited. However, 125 oI-4 was rcquircd lo Wi - 
of the trypammncs. Squalme (100 uhf), but nd cbol~~crol. was able 80 
rcvcrsc grotrzh inl&tioo pmduccd by 25 lo 75 uM fovaslatin 

Gnwlh was dcui 20-30x at 10vasla1in b Of73 Uhf. -he 
LJlibiironwas obsavd at 50 and 75 uh4 a&s 144 h and96 h ofcul~un 
iwbation. respectively. Trypanoci&l mncen~fon oflovastatin was U 
by a fador of 10 when incubated in combination with 0.1 uM kdocauzole 

Egg prod&on in S. mansoni grown in vitro with 50% hone serum could be 
dcpreacd -50% af I uM lovastatin Hmwevcr, af 100 uM mmpIdc &&~&XI of 
egg produaion was nti obtained and gnwih irhibition ofadult mating pairJ was 
minimal. Egg pmduciioo i&&lion was no1 rcvwscd by eoiocobation Hilh 100 
uM cholesfcral. Reversal by t-looale was not cvaluati 

Egg prodtrclion in S monronf gmnn in v&u with 50% hamc saun was 
inhibited --S-fold at 10 uM lova.staCn. Inhibition by lovastalin could be reverred 
by the addition ofeitba famesol or mevalonate at a camantntia of’80 d.4. 

Lovaslalin id&&on of adun schi~losomc motility and I~CUIC pmduction was 
time and dose dcpcndcnt AI 3 days incuba(ioq 10 UM lovastat~m xducxd 
molility and lactate produdion >SO%; at 1 I days of cullore, darts of I -I 0 uh4 
inhibited a&v&y nearly 90X [nhiiition was revised in the prcsnxz of 50 uM 
nlevalorlalc 

IC, valua forP.fifciporum WCTC in Ihc range of 25 IO SO uM. Howvevcr, 
ccmpl&e inhntition ofgowllt was observed only witi coocrmrnlions >12S uM 
Sirnvaslalin was t&cd sgaiti lhcsc organisms with similarrcsullc oblaincd 

Aclivily of Ionslatin was not dacrmined agaiti UK Wcybridge strain. 

NOI ddcml;ncd 
‘Rcpwtcd for simvastatin 
‘Rqw?cd Iw lovadatin 
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Table 4. Summan, oflovadadn in viva Activitv Against Parasites 
Microorganism Inhibitory Reference Commenls 

Inhibited Concn. (mrz/kp) 
Schisrosonla munsoni >250 Vandewaa. et al., Adull schistosomes were unaffecled in mice treated 

1989 with 250 mg/kg lovastati orally for 10 days. Egg 
production was inhibibsd 45.4% in these mice 
However, in mice treated wirh SO mg/kg egg 
production was enhanced (degree ofenhancancnt not 
reported) over that observed in control mice. 

ScJtistosonta mansoni 440 

T7ypanoso777a cruzf 

Trypanosorna cmzi ND 

Chen, et al., 
1990 

Urbina, et al., 
1993 

Brener, et al . 
1993 

Adult schistmome surviva1 was reduced 96- 100% in 
mice fed a die-t consisting of 0.2% lovastatin (640 
mglkglday) for 14 days. 

Lovastatin as a single drug was incapable of inhabiting 
pnrasitemia in inWed mice. However, at a dose of 20 
mglkglday administered ior 7 days, mouse survival was 
promoted SO% over umrealed controls. when a low 
dose of lovastatin and ketoconazole were Combiied, 
100% survival and almost complete suppression of 
parasilemia were reported. 

At a dose of 100 mg/kg/day administered for 19 days 
post-infection. Iovastalin exacerbated parasilemia 
approximalely 3-fold over untreated controls and failed 
to provide a survival benefit associated with treatment 
In combination studies with keloconazole, lovastatin 
appeared IO elicit an antagonistic response with respect 
IO ketoconazole’s antiparasitic activity. 

‘I?& determined. 
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CONCLUSIONS 

Lovastatin, simvastatin, and pravastatin are the only anti-h~ercholesteokmia drug producr~ in CD= that meet the pm 
of the antibiotic drug definition “... produced by microorganismsor any chemically synthesized equivalent --se 

A&rrkrobia~ activity associated with lovastatin, simvastatin, and pravastalin in humans studies was not found in the 
published literature. 

Antimicrobial activity asscciakd with pravastatin was not found in the published literature. 

Antimicrobial activity associated with lovastatin and simvastatin f&n in virro and in viva studies was reported 

The conccntra~ion of lovastatin and simvastatin in plasma obtained from human subjects administer4 the maximum 
approved dose daily for 17 days, the target paramctcrs rckvant for the a&biotic drug deftition “... inhrbits in dilute 
solution ___*, was estimated to be -0.1 uM 

None of the bacteria, viruses, yeasts, fungi, or parasites evaluated in the in vitro studies conducted for the assessment of 
antimicrobial activity was inhibited by Iovasiatin or simvastatin concentrations of 0. IuM. 

Several species of microorganisms were inhibited at concentrations of lovastatin 3- to X-fold greater than the target 
lovastatin tissue concentration of 0.1 UM The remainder were reported to be inhibited at concentrations of SO- to 
1,900-fold greater than 0. I uM. 

The majority of the in virro studies utilized assays that severely restricted serum and lipoprotein Growth inhiiition by 
HMG-CoA reductase inhrbitors is known to be significantly enhanced when assayed in limited serum or lipoprotein 
conditions 

Growth inhibition can be reversed by the addition of LDL and mevalonate IO cultures. 

These facts suggest that the in vilro assays used in these studies are artificial systems and that the antimicrobial activity 
observed for lovaslatin and simvastatin in these assays wouJd be substantially diminished in an itr viva environment 

As predicted, lovastetin antimicrobial activity in a murine model ofSc/risromsoma monsorti and fi~c1110~1nm cnrzf 
infections was reported to be minimal. 

. . if thr: targel human tr9suc lo~ssiatti and hwsta!i3 concentad m of 0.1 nM is *used as’s basis krthc rtcfirxtion of c - 
I__. id&its in dilute solution --“, the available data are insuffkient to support the conclusion that lovastatin, simvastatin, 
and pravastatin have sufhcient antimicrobial activity to warrant their te&ssification as antibiotic drugs. 
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